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\ EXHIBIT 




The cover illustration, by Marvin Mattelson, symbolizes some of the elements of this 
book. The DNA double helix is, of course, central to the book, as it is to the cover illus- 
tration. The blocks are double-stranded DNA fragments synthesized by the polymerase 
chain reaction, a technique that has revolutionized the way molecular genetics experi- 
ments are done. The number of fragments doubles repeatedly, going off into the distance 
(see Chapter 6). The coat colors of the mice running down the helix (in the same direc- 
tion but with opposite polarity!), are changing from albino to chimeric, then chimeric to 
agouti. These coat color changes show mice in which genetic engineering has been used 
to knock out a specific gene. The experiment is shown more realistically in Figure 14-9. 
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CHAPTER 3 



"Wobble" Frequently Permits 
Single tRNA Species to 
■Recognize Multiple Codons 

Initially it seemed highly probable that anticodons 
bind codons by means of three A — U and/or G — C 
hydrogen bonds that are identical to the A — T and 
G — C bonds that bind the two strands of the double 
helix together. But soon experimental results began 
to show that single tRNA species jcan bind to, say, 
both UUU and UUC codons. This suggested to Francis 
Crick that although the first two bases in a codon 
always pair in a DNA-like fashion, the pairing in the 
third position is less restrictive, so that nonstandard 
base pairing (wobble) is allowed for the third bases. 
Additional types of pairing became possible, opening 
up the possibility that there need not always be a 
distinct tRNA species for each of the 61 codons cor- 
responding to amino acids. To date, the most complete 
data come from yeasts that have been shown, from a 
combination of genetic and DNA sequence data, to 
contain approximately 45 tRNA species. Thus, many 
yeast tRNA molecules have to recognize more than 
one codon. 

Great variation exists in the relative amounts of 
panicular tRNA species that are present in a given 
cell. In part, this variation reflects differences in the 
abundance of the amino acids the tRNAs specify. For 
example, the amino acids methionine and tryptophan 
occur relatively rarely in most proteins, and compar- 
atively small amounts of their respective tRNAs are 
present. Moreover, when more than one tRNA form 
exists for a given amino acid, these different tRNA 
forms tend not to be present in equal amounts. This 
suggested that the more numerous tRNAs recognize 
the more commonly used codons for a given amino 
acid. This supposition was proved correct when meth- 
ods for determining the precise nucleotide sequences 
of genes became available (Chapter 5). The rate at 
which an mRNA message is translated into its cor- 
responding polypeptide chain thus may be controlled 
in part by whether it contains codons that are rec- 
ognized by the more commonly available tRNA forms. 

How Universal Is the Genetic Code? 

Virtually all the experiments used to decipher the 
genetic code employed ribosomes and tRNA mole- 



cules from E. coli. It could thus be asked whether be mv 
mRNA molecules are always translated into the same the si 
amino acid sequences, independent of the source of most 
the translation machinery. At the start, the answer was 
thought to be yes, for it was hard to imagine how the 
code could change during the course of evolution. By 
now the initial expectations that the genetic code for Mtlt 
chromosomal DNA would prove to be universal have Seqi 
been rigorously confirmed in a large variety of or- 
ganisms, ranging from the simplest prokaryotes to the Muta 
most complex eukaryotes. An interesting exception, a ger 
however, occurs in the genetic code used by the DNA by ai 
from mitochondria. Although for many years it was purii 
believed that DNA is located only in the nucleus, by sions, 
the early 1960s it had become clear that the cyto- vers; 
plasmic organelles, the mitochondria and the chloroplasts, mov 
both possess their own unique DNA molecules. Now mut: 
it is generally believed that mitochondria and chlo- func 
roplasts represent the descendents of primitive bac- fron 
terial cells that became symbiotically engulfed by cod( 
primitive ancestors of the present eukaryotic orga- pepi 
nisms and increased the host's ATP-generating ca- Bee 
pacity (Chapter 22). For the most part, the genetic stiti 
code used by mitochondria is identical with that used incc 
by nuclear DNA. However, UGA, a stop codon for an i 
nuclear DNA, is read as tryptophan in mitochondria. it nr 
In addition, mitochondrial AUA is read as methionine, unit 
whereas AUA is read as isoleucine in nuclear DNA. and 
These differences are due to the relatively small pro 
number of different tRNAs coded by mitochondrial wh 
DNA. Only 22 different tRNA species are present in tw( 
mitochondria, in contrast to the more than 40 tRNAs ore 
that are available for ordinary translation. In many alt. 
cases, just the first two bases in a codon are actually the 
read, with the base in the third position playing no sel 
role in the tRNA selection process. vai 

ad- 

Average-Sized Genes Contain 

at Least 1200 Base Pairs Si 

Because all codons were found to contain three base 

pairs, it was obvious that the number of ba§e pairs in Bi 

a gene must be at least three rimes the number of ge 

amino acids in its respective polypeptide. An average- h( 

sized protein of 400 amino acids was thus thought to m 

require a section of DNA consisting of some 1200 it 

nucleotide pairs. Because this number was found to ci 
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I, Periannan Senapathy, do hereby declare and state as follows: 

1 . I am the sole named inventor of the above-identified patent application and am the sole 
inventor of the invention described and claimed therein. As the sole inventor, I am 
intimately familiar with the application and its contents. 

2. I have read the Office Action dated February 1, 2000 in the above-identified patent 
application. The purpose of this Declaration is to show that the specification of the 
application as filed fiilly describes the invention as claimed. All of the experiments 
described in this Declaration were either performed personally by me or performed at my 
direction and under my personal supervision. The following experiments demonstrate that 
the above-identified patent application fully enables the invention as broadly as it is 
claimed. 

3 Usually a PGR amplification of a DNA sequence between two fixed primers is carried out 
at an annealing temperature (Tm) about 5 °C lower than the lower Tm of the two primers, 
where the Tm of the two primers are close to each other. The temperature of melting or 
annealing referred to in the patent specification (at page 17, lines 1-20) is the standard 
range of temperature of melting/annealing in a standard PGR protocol, which is about 5 
degrees less than the predicted Tm average of the first primer and the second primer up 
to about 5-10 degrees higher than the Tm average. Within this range, the temperature can 
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be adjusted (reduced or increased) to fine tune the specificity of the reaction in particular 
instances. The higher temperatures within this range are what is generally referred to as 
"stringent" temperature conditions. Non-specific amplification can be avoided by 
increasing the temperature of melting, thereby making the reaction more "stringent" and 
hence, more "specific." Adjusting the annealing temperature of a PGR reaction to yield 
more "stringent" conditions is well known to those skilled in the art and is done routinely. 
In short, performing the PGR on any given sample is largely an empirical science; the 
various parameters are adjusted within generally known ranges to yield the cleanest 
amplification possible. This empirical approach to PGR is a necessary and inescapable 
aspect of the PGR itself In the PGR experiments described below, I increased the 
temperature within the standard range of the PGR reaction, i.e., to stringent conations, 
so that non-specific amplification of DNA can be avoided. 

4. A systematic approach was taken for demonstrating that the DNA amplification and 
sequencing approach using partiy-fixed primers as recited in the claims (Gldms 1-25 being 
directed specifically to sequencing; Glaims 26-30 being directed to amplification) works 
as described in the subject patent application, and that it can be directly applied to the 
amplification and sequencing of long DNA molecules. 

5. The partly-fixed primers of the present invention consist of oligonucleotide primers in 
which many positions have completely random nucleotides. This may require an increased 
concentration of primer in the PGR amplification reaction as compared to a conventional 
PGR reaction. Therefore, one of the main aims of the experiment described in the 
paragraphs which follow was to analyze the primer concentration that is needed for 
amplifying a target region within the template DNA. 

6. First, a plasmid DNA (pGEM, Promega Gorporation, Madison, Wis.), with a length of 
approx. 6000 nucleotides, was used as the template DNA. A sequence region firom the 
plasmid DNA was chosen and first and second fixed primers were designed as follows: 

first primer (fixed): 5*-AGA AGG AGG GGA AGA AAG-3' 

second primer (fixed): 5'-GGG AGG GGG GAG AG-3' 

A plurality of partly-fixed second primers was then designeJin such a manner that each 
primer in the plurality contained approximately 50% random nucleotides. The sequence 
of each primer in the plurality was 5 -NNN NNN NNG GAG AG-3'; /.e., each indi\ddual 
primer contained fixed nucleotides at 6 positions and random nucleotides at 8 positions. 
The predicted Tm average for the first fixed primer and the second fixed primer was 57.5 
C (59° + 56° 2). A PGR reaction was carried out at 60° G Tm using pGEM DNA as 
the template and various combinations of the above-described primers. Various first, 
fixed primer concentrations and partly-fixed second primer concentrations were used in 
separate amplification reactions, and the PGR amplified products were analyzed by 
electrophoresis on a 2.0% agarose gel. 
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7. The results (Figure 1, attached and incorporated by reference) show that even a 1 X 
concentration of a partly-fixed second primer, compared to the regular primer 
concentration normally used in the standard PGR protocol, works well. The ideal 
concentration was found to be 1 X for the first primer and 10 X for the second primer. 
Only one band corresponding to the positive control band was seen in the experiments. 
This experiment shows that when using a plurality of primers, each primer having a region 
of fixed sequence and a region of randomized sequence (as recited in the claims), the 
concentration parameters can be adjusted (within reasonable and often-encountered 
limits) to yield clean amplification, and that a normal Tm range can be used. 

8 . The next experiment done was to examine the following two parameters: 1) varying the 
number of fixed nucleotides within a partly-fixed second primer and gauging what effect 
that yields; and 2) using a significantly longer DNA as the template. The aim is to show 
that variations of these two parameters will still enable the amplification of the target 
DNA by the cldmed method. 

9. Therefore, the next experiment was conducted with a significantly longer template DNA, 
namely E. coli DNA, which is approximately 5 million base pairs long. The complete 
sequence of the£. coli genome has been recentiy eluddated. Three separate re^ons firom 
this DNA were chosen for PGR amplification by the presently claimed method. These 
regions are sequences bounded by the followng nucleotide locations: Re^on 1 : 1 5738 
and 16281; Region 2: 7789 and 8288; Region 3: 15222 and 15673. 

10. For each region, a set of 5 primers were made: 1) Afirst, fixed primer; 2) A second, fixed 
primer; 3) a plurality of partly-fixed second primers with 8 nucleotides fixed and 8 
nucleotides fiilly randomized; 4) a plurality of partly-fixed second primers with 6 
nucleotides fixed and 10 nucleotides fiiUy randomized; and 5) a plurality of partly-fixed 
second primers with 5 nucleotides fixed and 1 1 nucleotides fiilly randomized. The goal 
here is to show that varying the number of fixed and random nucleotides within the 
plurality of partly-fixed primers as stated in the patent specification will still allow the 
invention to fiinction as described in the body of the patent. 

11. Another parameter that was tested was the primer concentration. The following 
parameters were tested in PGR amplification reactions: a standard template DNA 
concentration, a SOX first primer concentration, and lOOX and lOOOX second primer 
plurality concentration. 

12. The primers used for the three regions are listed below: 

Region 1 (Average Temperature of meltine/reannealing is 65.5° G) : 

First primer: 

5'-ACG GGG GGG AGT TAG G-3' 
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Second primer (positive control): 
5'-ATG GCC CGC TGC TTC C-3* 

Partly-fixed second primer 1 (5 fixed nucleotides and 1 1 random nucleotides): 
5'-NNN NNN NNN NGC TTC G-3' 

Partly-fixed second primer 2 (6 fixed nucleotides and 10 random nucleotides): 
5'-NNN NNN NNN NGC TTC C-3' 

Partly-fixed second primer 3 (8 fixed nucleotides and 8 random nucleotides): 
5'-NNN NNN NNC TGC TTC C-3" 

Region 2 (Average Temperature of meltine/reannealine is 62.5° CV . 
First primer: 

5'-ACC GCC TGG CTG TGG A-3' 

Second primer (positive control): 
5'-CGC GAT GTC CCC AGT G-3' 

Partly-fixed second primer 1 (5 fixed nucleotides and 1 1 random nucleotides): 
5'-NNN NNN NNN NNC AGT G-3' 

Partiy-fixed second primer 2 (6 fixed nucleotides and 10 random nucleotides): 
5'-NNN NNN NNN NCC AGT G-3' 

Partly-fixed second primer 3 (8 fixed nucleotides and 8 random nucleotides): 
5'-NNN NNN NNC CCC AGT G-3' 

Region 3 (Average Temperature of melting/reannealing is 61 ° C) : 
First primer: 

5'-CCG GCG AGC ACA ACA G-3' 

Second primer (positive control): 
5'-GCA GCC GCT TCA GGA G-3' 

Partly-fixed second primer 1 (5 fixed nucleotides and 11 random nucleotides): 
5'-NNN NNN NNN NNA GGA G-3' 

Partly-fixed second primer 2 (6 fixed nucleotides and 10 random nucleotides): 
5'-NNN NNN NNN NCA GGA G-3' 



Partly-fixed second primer 3 (8 fixed nucleotides and 8 random nucleotides): 
5'-NNN NNN NNT TCA CGA G-3' 

13. The aim here was to carry out a series of experiments, where the temperature of 
reannealing was raised gradually within the normal range used in the PCR protocol. The 
first experiment was conducted at an annealing temperature (Tm) within the normal range 
for all the three sets of experiments, namely 60" C. This temperature, however, is feirly 
stringent for the experiment with Region 3 (average Tm = 61" C), and not so stnngent 
for Regions 1 and 2 (average Tm = 65.5° C and 62.2° C, respectively). TheDNAfirom 
each of the three regions were PCR amplified in separate experiments with y/ho\t K coli 
DN A as template. For each region, the PCR amplification between the first fixed pnmer 
and the second fixed primer was tested as a positive control. The PCR amplification 
between the first primer and the three pluralities of partiy-fixed second primers were 
tested in separate PCR reactions. Standard PCR protocols were followed, and the 
amplified products were analyzed by electrophoresis on a 2% agarose gel. 

14 The resuhs (Figure 2, attached and incorporated by reference) indicate that the expected 
band corresponding to the positive control was present in almost all the experiments m 
each of the three DNA regions, and that there is no significant background. There were 
only a few bands otiier than the expected band. These bands are predicted and expected 
to be formed, as stated in the specification, fi-om the priming between the juxtaposed 
second primers. The idea, as stated in the patent specification, is that even if bands otiier 
than tiie expected band occur in the PCR products, sequencing would be done using tiie 
first primer which is specific only to the particular DNA band amplified firom tiie first 
primer location in the target DNA. Thus, the sequencing reaction should produce only 
the sequence of the Specific expected DNA fi-agment. 

15 Varying the concentration of the second plurality of primers (lOOX and lOOOX) does not 
produce significant variation in the PCR products. It indicates that even lower 
concentrations of the second primers will work with equal success. 

16 The PCR products fi-om Region 3 were chosen for DNA sequencing because the 
experiment fi-om tiiis region happens to have the closest predicted Tm to tiiat of the actual 
PCR amplification reaction, which is fairly stringent for this particular region. The PCR 
products were directly sequenced using the first primer from Region 3 as the sequencing 
primer. 

1 7 As shown in the results from the experiment with the Region 3 (Figure 3, attached and 
incorporatedbyreference),thesequenceobtainedwiththepluralityofpartly-fixedsecond 

primers nos. 1, 2, & 3, are the same as that generated by the positive control (the 
amplification product between the first fixed primer and the second fixed second pnmer). 
In this case, the Tm used (60" C) in the experiment is only slightly lower than that 
predicted for the fixed primers (61° C), and thus the amplification between the first 
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primer and the partly-fixed primers has been perfectly specific for the target region in the 
template DNA. Figure 4, attached and incorporated by reference, shows a comparison 
of these four sequences (using a computer program) to that of the whole E. coli sequence, 
indicating that the sequences are firom the chosen Region 3. 

18. The results show that the presence of a few other DNA Segments (bands) in the PGR 
products does not affect sequencing of the specific firagment amplified fi"om the target 
region. 

19. The experiments to this point show clearly that the specific DNA amplification and 
sequencing of the target DNA works very well with a plurality of partly-fixed primers. 
The success of the partly-fixed primers witJi 5 fixed and 1 1 random nucleotide primers and 
with 8 fixed and 8 random nucleotide primers indicates that the use of 4 nucleotide and 
10 nucleotide fixed second primer with the rest random sequence will also work as well 
Furthermore, these experiments indicate that changing the position of the fixed 
nucleotides and random nucleotides wthin the primers will not adversely affect the 
process. 

20. Next, the effect of concentration of the plurality of partially fixed, partially randomized 
primers on the ability to sequence the resultant amplification products was explored. The 
number of individual primers within the plurality of primers that will bind to the template 
with complete, fiilHength complementarity depends upon the number of randomized 
bases. The method will fiinction succesfiiUy with one or two base pair mismatches within 
the randonuzed portion of the primer, especially if they are at the 5' end, because the 
primer will still be able to bind vath fiiU complementarity over a 13-14 base pair length 
at the 3' end of the individual primer. Thus, a lesser amount of the primer than needed 
to compensate mole to mole may be sufficient to achieve a suitable quantity of amplified 
target for sequencing. 

2 1 . Thus, the following experiment was performed to show that increasing the concentration 
of the randomized primers yields a concomitant increase in the quantity of the target 
amplified DNA fi-agment. Here, an experiment was conducted wherein the PGR 
amplification was carried out with and without increasing the concentration of the 
randomized second primer with a DNA template of 12.5 KB (a plasmid clone containing 
a human gene insert, kindly provided by Prof. M. Mahadevan of the University of 
Wisconsin, Department of Medical Genetics). Figure 6 A, attached and incorporated by 
reference, shows that the full-length, 16-mer primer (lane 1), and the 16-mer primer with 
2 Ns at the 5' end instead of the regular sequence (lane 2), and the 16-mer primer with 4 
Ns at the 5' end (lane 3), were able to amplify the target DNA fi-agments at the standard 
concentrations of the primer, while the 16-mer primers with 6 Ns and 8 Ns (lane 4 & 5) 
did not produce a visible band. This means that the primer concentrations conventionally 
used in PGR represents a very large excess of the primer (4"* or -256-fold). 
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22 . Next, the concentration of the primer plurality was increased to adjust for the reduced 
amount of indiwduai primer species vyathin the plurality having full complementarity to the 
target (and allowing for one to two mismatches within the randomized portion). Figure 
6B, attached and incorporated by reference, shows that the 16-mer primer vnth 6 Ns at 
the 5' end (10-fold excess, lane 4) and the 16-mer primer with 8 Ns at the 5' end (120- 
foid excess, lane 5) also amplified the target DNA firagment. The 16-mer primer with 10 
Ns at 250-fold excess (lane 7) did not amplify the product, which indicates that a higher 
concentration of the primer was needed. This result indicates that target-specific 
amplification can be obtained by increasing the conc«itration of the plurality of partially- 
fixed, partially-randomized primers to a reasonable extent (predicted by the number of 
mismatches). As illustrated above, in paragraphs 16-18, these specific amplification 
products are quite easily sequenced using conventional, automated methods. The results 
also show that the band intensity was reduced as the number of Ns was increased (see 
Figure 6B). However, even an 8-fixed/8-random base primer was able to generate the 
correct band with a reduced intensity. Furthermore, this experiment shows that the band 
intensity can be improved by increasing the quantity of the primer plurality used in the 
amplification reaction. 

23 . The experiments described above demonstrate the ability to amplify an unknown DNA 
dovmstream of a known sequence wthin a template DNA using randomized primers, and 
to sequence the amplified target fi-agments without gel purifying the fi:agment. However, 
it would be far more advantageous if a DNA template of completely unknown sequence 
could be cycle-sequenced directiy using the randomized primers. The concept underlying 
the subject invention is to compute the length of the template DNA in which a given fixed 
portion of a randomized primer will bind once, on average. For example, a 5-base fixed 
primer will have one binding site, on average, in a template DNA of 1024 bases 
(approximately 1 KB). A 7-base fixed primer will have one binding site, on average, 
within a template DNA of about 16 KB. This means that a plurality of primers having a 
fiilly randomized portion and a 7-base fixed-sequence portion will contmn a primer 
species with fiill-length complementarity and which vwU bind at a site where the 7-base 
fixed sequence portion binds on the template DNA. Statistically, there will be only one 
occurrence of the 7-base fixed sequence portion within a 16 KB long template DNA, and 
one of the primers within the plurality will bind only at this binding site wthin the 16 KB 
stretch of DNA. Thus, the claimed method provides a'complementaty, or nearly 
complementaty, full-length primer species firom the plurality of partly-randomized, partly- 
fixed primers which will bind specifically to the template DNA, and which can then be 
utilized directly for cycle-sequencing an approximately 500 base pair-long portion of the 
template DNA. The number of primer species with tolerable mismatches within the 
randomized primers is sufficient to enable the correct sequencing of the template DNA, 
as revealed by the results discussed below. See paragraph 25 for further description of 
the experiment illustrated in Figure 6B. 
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24. If the partly fixed randomized primers can be used to cycle sequence a short DNA 
template ofknown (as shown above for the pGEM DNA), then this basic principle can be 
extended and expanded to sequence longer DNA templates of unknown sequence (such 
as the E. coli DNA discussed above). This technique can then be used directly to cycle 
sequence large portions of genomic DNA by combining the direct sequencing technique 
with the direct amplification of unknown genomic DNA described above. 

25. The hypothesis of paragraph 24 was shown to be true using a plasmid template DNA 
(pGEM) in the following experiment. The knoivn sequence of the plasmid DNA was 
analyzed to choose a few cycle-sequencing primers. Full-length primers were made vnth 
these sequences. Each of the primers was also randomized at its 5' end to varying extents 
to yield various pluralities of primers having partially randomized portions within each 
primer. For example, the primer sequence TGT AAA ACG ACG GCC AGT was 
randomized at the 5* end to give 2, 4, 6, and 8 Ns, namely: 

Full Length Primer: TGT AAA ACG ACG GCC AGT 

GT2: 5' NNT AAA ACG ACG GCC AGT 3' (2 Degenerate bases on the 5 prime end) 

Signal Strength: 2270 

GT4: 5' NNN NAA ACG ACG GCC AGT 3' (4 Degenerate bases on the 5 prime end) 

Signal Strength: 1834 

GT6: 5' NNN NNN ACG ACG GCC AGT 3' (6 Degenerate bases on the 5 prime end) 

Signal Strength: 1082 

GT7; 5* NNN NNN NNG ACG GCC AGT 3* (8 Degenerate bases on the 5 prime end) 

Signal Strength: 354 

The sequencing results from these experiments are shown in Figures 5 A, 5B, 5C, and 5D, 
respectively (attached and incorporated by reference). As can be seen fi-om the printout 
from the sequencer, these reactions, performed according to the method recited in the 
claims, yields perfectly acceptable sequencing results. This experiment shows that 
specific and reproducible sequencing results can be obtained using a collection of primers 
wherein each primer within the collection has a fixed portion and a random portion, 

26. Lastly, the strength of the sequencing signals from the experiment described in paragraph 
25 were compared with the respective number of randomized bases (Ns) in the 
sequencing primers. As shown below, the signal strength is inversely proportional to the 
number of randomized bases: 
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Gt2: 5' NNT AAA ACG ACG GCC AGT 3' 2 Ns - Signal Strength: 2270 

GT4: 5' NNN NAA ACG ACG GCC AGT 3' 4 Ns - Signal Strength: 1 834 

GT6: 5' NNN NNN ACG ACG GCC AGT 3' 6 Ns - Signal Strength: 1082 

GT7: 5' NNN NNN NNG ACG GCC AGT 3' 8 Ns- Signal Strength: 354 

However, even the lowest signal strength generated a clearly readable sequence. 
Furthermore, by increasing theconcentrationoftheprimers having randomized base pairs, 

the signal strength was also increased in a predictable manner (data not shown). 

27 The undersigned declares that aU statements made herein of his own knowledge are true 
and that aU statements made on information and belief arc believed to be true; and 
further that these statements were made with the knowledge that willful false statements 
and the like so made are punishable by fine or imprisonment or both, under 5 1001, 
Tifle 18, of the U.S.C., and that such willful false statements may jeopardize the 
validity of the application or any patent issuing thereon. 





Date: 



Periannan Senapathy, Ph.D. 
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Le gend for Figure 1 : 

Technique using a plasmid DNA : The template DNA used was from the plasmid pGEM. 
Standard conditions: primer 1 - 6.25 pm, primer 2 - 6.25 pm, template - 50 ng. Each reaction 
contains -1.5 units of Taq, 10 mM Tris-HCl, 50 mM KCl, 1.5 mM MgC12, 200 mM of each 
dNTP and stabilizers, including BSA. The foUowing PCR amplification protocol was used: 
1 cycle at 95° C for 5 minutes, followed by 35 cycles of: 95° C for 2 minutes, 60° C for 1 
minute; and 72° C for 2 minutes. Hold at 4° C. The enzyme used was Taq polymerase. 
Experiment 1: Vary 2nd primer and everything else is standard: Lane 1 - Ix 2nd primer. 
Lane 2 - lOx 2nd primer, Lane 3 - lOOx 2nd primer, Lane 4 - lOOOx 2nd primer. Experiment 
2: Vary 1st primer and everything else is standard: Lane 5 - Ix 1st primer. Lane 6 - lOx 1st 
primer. Lane 7 - lOOx 1st primer, Lane 8 - lOOOx 1st primer. Lane 9-50 base-pair ladder. 
Lane 10 - positive control between the 1st fixed primer and the 2nd fixed primer. 
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Le gend for Figure 2 : 

Technique with complete coli DNA : Template DNA - complete E. coli genomic DNA. 
Standard conditions: primer 1 - 6.25 pm, primer 2 - 6*25 pm, template - 50 ng. The 
following PGR amplification protocol was used: 1 cycle at 95** C for 5 minutes, followed by 
35 cycles of: 95** C for 2 minutes, 60** C for 1 minute; and IT" C for 2 minutes. Hold at 4"* 
C. The enzyme used was Taq polymerase and the reaction conditions were as described for 
Fig, 1. 

Region 1: Lanes 1-8: 

Lane 1 - positive control between 1st fixed primer and fixed primer for region 1. 

Lane 2 - negative control (everything else except the primers) 

Lane 3 - partly fixed 2nd primer 1 (lOOx concentration) 

Lane 4 - partly fixed 2nd primer 2 (lOOx concentration) 

Lane 5 - partly fixed 2nd primer 3 (lOOx concentration) 

Lane 6 - partly fixed 2nd primer 1 (lOOOx concentration) 

Lane 7 - partly fixed 2nd primer 2 (lOOOx concentration) 

Lane 8 - partly fixed 2nd primer 3 (lOOOx concentration) 

Region 2: Lanes 9-15: 

Lane 9 - positive control between 1st fixed primer and 2ttd fixed primer for region 2. 

Lane 10 - partly fixed 2nd primer 1 (lOOx concentration) 

Lane 11 - partly fixed 2nd primer 2 (lOOx concentration) 

Lane 12 - partly fixed 2nd primer 3 (lOOx concentration) 

Lane 13 - partly fixed 2nd primer 1 (lOOOx concentration) 

Lane 14 - partly fixed 2nd primer 2 (lOOOx concentration) 

Lane 15 - partly fixed 2nd primer 3 (lOOOx concentration) 

Region 3: Lanes 16-22: 

Lane 16 - positive control between 1st fixed primer and fixed primer for region 3. 

Lane 17 - partly fixed 2nd primer 1 (lOOx concentration) 

Lane 18 - partly fixed 2nd primer 2 (lOOx concentration) 

Lane 19 - partly fixed 2nd primer 3 (lOOx concentration) 

Lane 20 - partly fixed 2nd primer 1 (lOOOx concentration) 

Lane 21 - partly fixed 2nd primer 2 (lOOOx concentration) 

Lane 22 - partly fixed 2nd primer 3 (lOOOx concentration) 
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FIGURE 2 



Legend for Figure 3 : 

DNA Sequencing of the PCR products . The PGR product from each amplification tube was 
filtered through the Pharmacia G-50 Sepharose column, and was directly sequenced using the 
ABI DNA PCR sequencing kit (enzyme and dye di-deoxy terminators). The PCR cycle 
protocol for sequencing was the following: 95** C for 3\ 25 cycles of 95* C for 15 seconds, 
50"* C for 20 seconds, and 60*" C for 4 minutes, 72** C for 10 minutes and hold at 4** C. 
Sample 16: PCR product from the Lane 16 in Figure 2. 
Sample 17: PCR product from the Lane 17 in Figure 2. 
Sample 18: PCR product from the Lane 18 in Figure 2. 
Sample 19: PCR product from the Lane 19 in Figure 2, 
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Legend for Figure 4 : 

romparison of the sequences generated from PCR products (from Figure 3). The sequences 
were compared using a computer program for sequence comparison. Top row: E. coU genomic 
DNA sequence, New 16: Sample 16 from Figure 3 (positive control). New 17: Sample 17 
from Figure 3 (partly-fixed 2nd primer with 5 fixed nucleotides). New 18: Sample 18 from 
Figure 3 (partly-fixed 2nd primer with 6 fixed nucleotides). New 19: Sample 19 from Figure 
3 (partly-fixed 2nd primer with 8 fixed nucleotides). 



13 



00 in o in 
cn in in in in 

uKo a o u u u 

a 
o 



\D CO 00 t-l ro 
a» in ^ in in 



i8 



c: 

o o> 
CO o> 

CL 1- 

W 

> CO 



E -o 
r CO 



o u a s o 
y a o 0 u 
S a p o a 
Eh H H 
u u u o a 

o Q o a 




o 
u 
a 



6^66 

a u u a 
u u uu 
u uu u 

Eh H H 



u u u u 
u u c) q 



y y y y 
S S 9 S 

u o u o 

^ ^ ^ 




r^tn Q g 3 O 
tH £-» H 
O O O O O 
en t^ e Eh Eh 
O O O O O 



_0 , 



U vo 00 

Ct( ^ rH rH r-H 



u 



1^ 



a 



I 

: o 
: a 
: cT) 
o 



I 

:•: a 



o 

o ' 
CM ^ 



0 o o 

1 o o o 

Hi 
III 

0 u u 

1 Eh £h £h 

ou u 




o o O * 
f Q Q O 

OOOO ^ 
I Eh £h H Eh 

a o o o o 




o ' 
•CO ' 

rH 



11 

_ o o o 

o o o o 




vo m 00 tH m 
o\ in ^ in in 
ca oj CM oj 



m 



o 

-00 



V_/ V-/ V-^ W 

-S 8 8 ^ o 
^ ^ y 




I ( I O I 

o o o a o 

o 
u 
cu 

U vo O OD CTt 
H t-t t-H 



: o 



o o a y 



a 



Eh H 

ri; ri; 

Eh Eh Eh 




a a u u a 

^^^^^ 

9 9 9 y 9 

' - £h 




I: 




mi 

I-"! y y 9 9 S:J 
lllll 




-co 

CM 



o 

-CN 
CM 



VO ro 00 tH ro 
in ^ in in 
ro CO CO CO ro 



o 



o u u < u 

c3 o _ _ 

O Eh Eh Eh 8^ Eh 

^ ^ ^ 0 Q 
o u u a u 

£h Eh 8h £h e 
O O O O Eh 
U U U U U 

Eh Eh t< Eh £h 

< rij rf; < rij 

o 0 S U O 0 
tH £h en £h H Eh 

CM o a u a a 
u a u 0 u 
o o < Q a. 

rfi fC ^ 

|:&|:|:|: 
^^^^^ 

o 

O vo 00 o^ 

a, tH rH 

•> > 




u a o < 

o f< f<I f< 

-U> H tj Eh 

88880 



q 



o 



o 
u 
o 

: a 

: o 

:^ 

: u 
: u 

li 

: <^ 

;8 



o 



rf; rf; ri! ^ 




_ 8 o u ^ 
a u a a o 
o a a a u 
u u u y u 




o 

- _ _ H 

8 8 8<^ 8 
g g ^ ^ g 

00000 

o o u a o o 




o o 
u a 
o o 
o o 

u u 

m Eh £h 



O C* O 

u u a 
000 
a u.o 

880 
u a o 

888 
o u u 
u a o. 
a o g 

tit 

Eh H Eh 

o a O 
Eh Eh 



in o vo 
o% CM ^ in CM 
^1 ^* ^* 



o 



O ^ 3 U o 

p 0 p O O 

O P» Eh Eh e 

O Q Q O O 

a o o o o 
8 88888 



o u o a u u 
o y p a u u 




o 5 O i5 o 

O U U (J o 

o 8 88 8 8 
'^^^^^^ 

e Eh Eh e Eh 

o o o u o 
q cj CJ cj o 
<<< 




% 

o 
o 



8 

I 

o 
o 



go 



9 9 

o u 

o o 
u o 



q q 



_ o o o _ 
o o q u q q 
hin 



S f< <; 



o 
-co 



i p U U O 
' tH Eh 6h Eh 



PIP 

0-0 000 
e< e H o H 

P S Eh 8h Eh 
00000 

u u u q q 

u u u 
000 
< < < , 
u u o a 

9h tH Eh tH 



u 

I 

< 



6 

u 

H 

o 

o . 

< 
u 

tH 



-CM o u u u u 
ij o o o o o 
00000 

^ ^ § B§ 



qqqqy 
66666 

H H £h £h £h 
00000 



U vo i> 00 cr\ 
rH tH tH tH 

:^ ^ 



Eh Eh Eh 
C5 O O 

a u a 
o 

Jh 

Qa 



(J vo t> 00 0^ 

(3n tH tH rH tH 

:5 :5 



5 2 «g 

^ o> ^ 



CO 
o) a> 

< < 





FIGURE 6 A 
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[57] ABSTRACT 

A new contiguous genome sequencing method is described 
which allows the contiguous sequencing of a very'Iong DNA 
without need to be subcloned. It uses the basic PGR tech- 
nique but circumvents the usual need of this tedinique for 
the knowledge two primers for contiguous sequencing, 
enabling the knowledge of only one primer sufficient. The 
present invention makes it possible to PCR amplify a DNA 
adjacent to a known sequence with which one primer can be 
made without the knowledge of the second primer binding 
site present in the unknown sequence. The present invention 
coidd thus be used to contiguously sequence a very long 
DNA such as that contained in a YAC clone or a cosmid 
clone, without the need for subcloning smaller fragments, 
using the standard PCR technique. It can also be used to 
sequence a whole chromosome or genome without any need 
to subclone it 

6 Claims, 5 Drawing Sheets 



EXHIBIT 



U.S. Patent Nov. 30, 1999 sheet 1 of 5 5,994,058 




XXXXACGTGXXX 



A partly fixed 
second primer with fixed 
5 nucleotide sequence 



® 



Primer: XXXXACGTGXXX 
Template: . . . C ATGCTAGTGCACCTGACCA , 




First primer with 
known sequence 

A genomic =: ^looo nucleotides 
DNA sequence ^ 



Partly fixed second 
primer, whose exact 
binding site is unknown 



FIG. 1. 

A) A partly random primer with a fixed sequence that is used 
as the second primer in the present invention. The length and 
composition of the fixed sequence and/or the random 
sequence (X's) and their positions within the -primer, and the 
length of the primer itself can be adjusted to improve binding 
specificity and affinity, within the reaction conditions generally 
used in PGR protocols and DNA sequencing reactions. 

B) The primer can bind to the template only at the sequence 
complementary to the fixed sequence in the primer. 

G) This partly fixed second primer has aJbigh specificity of 
binding at an ideal distance from the first known primer for 
PGR amplification and DNA sequencing. 
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An exact template sequence, 
located at an approx. 
Known template distance of 1000 characters 

sequence, from from the first primer, at 

which the first which the partly fixed 

primer is prepared 5-nucleotide primer will bind 

Kjk^j^masa a ii i i ii n ii ii iii mi llini — 

mean -length = 1024 nucleotides 



FIG. 2. Precise binding of the partly fixed second 
primer to a specific sequence, located at an unknoAvn 
distance from the first primer, but within a specified 
range of distance which is highly suitable for DNA 
amplification by the PGR technique and DNA 
sequencing by the standard techniques. 
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first 
primer 
Xi 



sequence 
extension 



partly fixed 
second primer 



Long genomic 
DNAe.g. ^10 
million nts 



first 
primer 

X2 



Using one known primer Xi 
and one partly fixed second 
primer which bind opposite 
strands of the DNA, 500 nt 
sequence is obtained 



sequence 
extension 



same partly 
fixed second 
primer 



sequence 
extension 



Choose another primer X2 at the 
end of the known sequence; use 
the same partly fixed primer as the 
seocnd primer; and extend the 
sequencing an additional -500 nts 



Repeat the above steps many 
times to obtain the contiguous 
, r sequence 



FIG. 3. Congituous genome-sequencing using 
a partly fixed primer as the second primer. 
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unknown, 
partly fixed 
second primer 



known 
primer 
Xi - 



sequence 

extension 
— ► 



sequence 
extension 



known 
primer 

X2 



unknown, 
partly fixed 
second primer 



FIG. 4. Extension of DNA sequencing in 
both directions from a known sequence 
region (bold lines) in a very long DNA, using 
the same set of partly fixed second primers. 
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(D 



ATCATGTAAGTAGGC 

An arbitrary but exact primer sequence 
of 15 nucleotides length, which would 
probabilistically have approximately one 
binding site in a genome of about one 
billion nucleotides. 



Arbitrary but sequence 
exact primer extension 



partly fixed 
second primer 



FIG. 5. Determining a DNA sequence 
from a long DNA of completely 
unknown sequence using an arbitrary 
but exact sequence primer and an 
unknown, partly fixed second primer. 
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METHOD FOR CONTIGUOUS GENOME 
SEQUENCING 

BACKGROUND OF THE INVENTION 

The present invention provides a method for contiguous 
sequencing of very long DNA using a modification of the 
standard PCR technique without the need for breaking down 
and subcloning the long DNA. 

The rcR technique enables the amplification of DNA 
whidi lies between two regions of Jmown sequence (K. B. 
MuUis et al., U.S. Pat Nos. 4,683^02; 7/1987; 435/91; and 
4,683,195. 7/1987; 435/6). Oligonucleotides complemen- 
tary to these known sequences at both ends serve as "prim- 
ers" in the PCR procedure. Double stranded target DNA is 
first melted to separate the DNA strands, and then oligo- 
nucleotide (oligo) primers complementary to the ends of the 
segment which is desired to be amplified are annealed to the 
template DNA. The oligos serve as primers for the synthesis 
of new complementary DNA strands, using a DNA poly- 
merase enzyme and a process known as primer extension. 
The orientation of the primers with respect to one another is 
such tiiat the 5' to 3' extension product fi*om each primer 
contains, when extended far enough, the sequence which is 
complementary to the other oligo. Thus, each newly syn- 
thesized DNA strand becomes a template for synthesis of 
another DNA strand beginning with the other oligo as 
primer. Repeated cycles of melting, annealing of oligo 
primers, and primer extension lead to a (near) doubling, with 
each cycle, of DNA strands containing the sequence of the 
template beginning with the sequence of one oligo and 
ending with the sequence of the other oligo. 

The key requirement for this exponential increase of 
template DNA is the two oligo primers complementary to 
the ends of the sequence desired to be amplified, and 
oriented such that their 3' extension products proceed toward 
eadi other. If the sequence at both ends of the segment to be 
amplified is not known, complementary oligos cannot be 
made and standard PCR cannot be performed. The object of 
the present invention is to overcome the need for sequence 
information at both ends of the segment to be amplified, i.e. 
to provide- a method whidi allows PCR to be performed 
when sequence is known for only a single region, and to 
provide a method for the contiguous sequencing of a very 
long DNA without the need for subcloning of the DNA. 

DNA sequencing is a technique by which the four DNA 
nucleotides (characters) in a linear DNA sequence is ordered 
by chemical and biochemical means. There are two tech- 
niques: 1) the chemical method of Maxam and Gilbert (A. 
M. Maxam, and W. Gilbert, "A new method of sequencing 
DNA." Proceedings of the National Academy of Sciences, 
USA. 74:560-564 (1977)), and the enzymatic method of 
Sanger and colleagues (F. Sanger, S. Nicklen, and A. R. 
Coulson, "DNA sequencing with chain-terminating inhibi- 
tors." 74:5463-5467 (1977)). In the chemical method, the 
DNA strand is isotropically labeled on one end, broken 
down into smaller fragments at sequence locations ending 
with a particular nucleotide (A, T, C, or G) by chemical 
means, and the fragments ordered based on this information. 
The four nucleotide-spedfic reaction products are resolved 
on a polyacrylamide gel, and the auto radiographic image of 
the gel is examined to infer the DNA sequence. 

In the enzymatic method, the following basic steps are 
involved: 

(i) annealing an oligonucleotide primer to a suitable single 
or denatured double stranded DNA template; (ii) extending 
the primer with DNA polymerase in four separate reactions. 
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each containing one a-labeled dNTP or ddNTP 
(alternatively a labeled prima- can be used), a mixture of 
unlabeled dNTPs, and one chain-terminating 
dideoxynucleoside-5*-triphosphate (ddNTP); (iii) resolving 

5 the four sets of reaction products on a high resolution 
polyacrylamide-urea gel; and (iv) producing an auto radio- 
graphic image of the gel that can be examined to infer the 
DNA sequence. Alternatively, fluorescently labeled primers 
or nucleotides can be used to identify the reaction products. 

10 Known dideoxy sequencing methods utilize a DNA poly- 
merase such as the Klenow fragment of E, coli DNA 
polymerase, reverse transcriptase, a modified T7 DNA 
polymerase, or the Taq polymerase. 
The PCR amplification procedure has been used to 

15 sequence the DNA being amplified (e.g. "Introduction to the 
AmpliTaq Cycle Sequencing Kit Protocol", a booklet from 
Perkin Elmer Cetus Corporation). Hie DNA could be first 
amplified and then it could be sequenced using tiie two 
conventional DNA sequencing techniques. Modified meth- 

20 ods for sequencing PCR-amplified DNA have also been 
developed (e.g. Bevan et al., "Sequencing of PCR- Amplified 
DNA" PCR Meth, App. 4:222 (1992)). However, amplifying 
and sequencing using the PCR procedure require^ that the 
sequences at the ends of the DNA (the two primer 

25 sequences) be known in advance. Thus, this procedure is 
limited in utility, and cannot be extended to contiguously 
sequence a long DNA strand. If the knowledge of only one 
primer is sufficient without anything known about the otha 
primer, it would be greatly advantageous for sequencing 

30 very long DNA molecules using the PCR procedure. It 
would then be possible to use such a method for contigu- 
ously sequencing a long genomic DNA without the need for 
subcloning it into smaller fragments, and knowing only the 
very first, beginning primer in the whole long DNA. 

35 In the currently existing methods for sequencing very 
long DNA of millions of nucleotides, the DNA is fragmented 
into smaller, overlapping fragments, and sub-cloned to pro- 
duce numerous clones containing overlapping DNA 
sequences. These clones are sequenced randomly and the 

40 sequences assembled by "overly sequence-matdiing" to 
produce the contiguous sequence. In this shot-gun sequenc- 
ing method, approx. ten times more sequendnig than the 
length of the DNA being sequenced is required to assemble 
the contiguous sequence. In the "directed" sequencing 

45 method, the linear order of the DNA clones has to be first 
determined by "physical mapping" of the clones. 

There exists a contiguous DNA sequencing method called 
the **primer-walking" method using the Sang^'s DNA poly- 
merase enzymatic sequencing procedure. In this method, 

50 however, the DNA copying has to occur always from the 
template DNA during DNA sequencing. In contrast, in the 
PCR procedure, the target DNA amplified in the first rounds 
from the original input template DNA will function as the 
template DNA in subsequent cycles of amplification. After 

55 a certain cycles of anq)lification, the DNA sequencing 
reaction will be started by adding the sequencing "cocktail". 
Thus in the PCR reaction, only one copy of template DNA 
is theoretically sufficient to an^lify into millions of copies, 
and therefore a very-4ittle genomic (or ten[q)late) DNA is 

60 sufficient for sequencing. The advantage of DNA amplifi- 
cation that exists in PCR is lacking in the conventional 
Sanger procedure. Thus, this primer-walking method will 
require a larger amount of template DNA conq)ared"to the 
PCR sequencing method. Also, because the long DNA has a 

65 tendency to re-anneal back to duplex DNA, the sequencing 
gel pattern may not be as clean as in a PCR procedure, when 
a very long DNA is being sequenced. This may limit the 
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length of the DNA, that could be contiguously sequenced that part of its sequence is fixed) can "anneal" to only the 

without breaking the DNA, using the primer-v/allcing pro- sequence at which the fixed sequence exists. That is, firom 

cedure. The PGR method also enables the reduction of the first primer, the partly fixed primer wiU bind at an 

non-specific binding of the primers to the template DNA average distance of 1024 characters (for a fixed five nucle- 
because the enzymes used in these protocols function at 5 otide characters). This primer will bind specifically only at 

high-temperatures, and thus aUow "stringent" reaction con- the location of the occurrence of P^^^^^J;;^^^^^^^^^^ 

ditionsTbe used to improve sequencing. otide sequence wiA respect to the fir^ Pnmer T^e average 

1. J T *• inktI ^: distance between the first pnmer and the second non-random 

The present mefliod of conUguous DNA sequencing usmg «^ aSiplilication and DNA sequencing, 

ftebasxcl^techmque has *us many advan^^^^^^^ Kis situation. &e lir^^er is labeled. Thus 'althou^ 
pnmer walking method. Also, so far no meAod existsfor lo t^ere would be many locations in the long DNA molecule at 
conuguously sequencmg a very long DNA using PGR ^le non-random primer can bind, it would not affect 

techmque. The present mventton thus offers a unique and ^ ^ ^^^^ 

veiy advantageous procedure for conUguous DNA sequenc- jabekd prirner r 

Although the partly fixed second primer has a random 
SUMMARY OF THE INVENTION sequence component in it. a sub-population of the primer 

The present invention enables the amplification of a DNA molecules will have the exact sequence that would bind with 
stretch using the PGR procedure with the kn6wledge of only the exact target sequence. The proportion of the molecules 
one primer. Using this basic method, the present invention with exact sequence that would bind with the exact target 
describes a procedure by which a very long DNA of the ^ sequence wiU vary depending on the number of random 
order of millions of nucleotides can be sequenced characters in the partly fixed second primer. For example, in 
contiguously, without the need for fragmenting and sub- a second fMimer 11 nucleotides long with 6 characters fixed 
cloning the DNA. In this method, die general PGR technique and 5 characters random, one in -1000 molecules will have 
is used, but the knowledge of only one primer is sufficient, the exact sequence conq)lementary to the target sequence on 
and the knowledge of the other primer is derived from the 25 the template. By increasing the concentration of the partly 
statistics ofthe distributions ofoligonucleotide sequences of fixed second primer appropriately, a comfortable level of 
specified lengths. PGR amplification required for sequencing can be achieved. 

Present DNA sequencing methods using the separation of When primer concentration is increased, it requires an 
DNA fi-agments on a gel has a limitation of resolving the increase in the concentration of Magnesium, which is 
products of Icngdi up to about 1000 nucleotides. Thus, in a 30 required for the function of the polymerase enzyme. The 
single step, the sequence of a DNA fragment up to a length excess primers (and "primer-dimers" formed due to excess 
of only about 1000 nucleotides can be obtained by the two of primers) can be removed after amplification reaction by 
conventional DNA sequencing methods. A DNA sequence a gel-purification step. 

of a few nucleotides up to many thousand nucleotides can be Any non-specific binding by any population of the second 
amplified by the PGR procedure. Thus the PGR procedure 35 primers to non-target sequences could be avoided by adjust- 
can be combined with the DNA sequencing procedure ing (increasing) the temperature of re-annealing appropri- 
successfuUy. ately during DNA amplification. It is well known that the 

A primer is usuaUy of length twelve nucleotides and change of even one nucleotide due to point-mutation in 
longer. Let the sequence of one primer is known in a long some cancer genes can be detected by DNA-hybndization. 
DNA sequence from which the DNA sequence is to be 40 This technique is routinely used for diagnosing particular 
worked out. From this primer sequence, a specific sequence cancer genes (e.g. John Lyons, "Analysis of ras gene point 
of four nucleotides occurs statisticaUy at an average distance mutations by PGR and oligonucleotide hybridization," in 
of 256 nucleotides. It has been worked out by Senapathy tiiat PCR Protocols: A guide to methods and appUcations. edited 
a particular sequence of four diaracto-s would occur any- by Michael A Innis et al., (1990), Academic Press, New 
where from zero distance up to about 1500 characters with 45 York). This is done by adjusting the -^re-annealing" or 
a 99 9% probabiHty (R Senapathy, "Distribution and repeti- "melting-temperature", and fine-tumng the reacUon condi- 
tion of sequence elements in eukaryotic DNA: New insights tions. Thus tiie binding of non-specific sequences even witii 
by computer aided statistical analysis," Afo/ec«/ar Geweto just one nucleotide difference con^ared to tiie target 
(Life Sciences Advances). 7:53^5 (1988)). The mean dis- binding-site in the temphrte sequence can be avoided, 
tance for such an occurrence is 256 characters and die 50 It should also be noted that non-specific binding sites for 
median is 180 characters. Similarly, a 5 nucleotide long the partiy fixed second primers could be expected to occur 
specific sequence wiU occur at a mean distance of 1024 statistically on a long genomic DNA at many places other 
characters, with 99.99% of them occurring within 6000 than the target site which is close to the first primer, 
characters from the first primer. The median distance for tiie Amplification of non-specific DNA between these primer 
occurrence of a 5-nucleotide specific sequence is -730 55 binding sites tiiat could occur on opposite strands of the 
nucleotides. Similarly, a particular 6 nucleotide long template DNA could happen. However, this would not affect 
sequence will occur at a mean distance of 4096 nucleotides the objective of the present invention of specific DNA 
and a median distance of -2800 nucleotides. A primer of sequencing of tiie target sequence. Because only the first 
known lengtii. say length 14 can be prepared witii a known primer is labeled radioactivity or fluorescentiy, only die 
sequence of 6 characters and die rest of the sequence being 60 reaction products of die target DNA will be visualized on the 
random in sequence. It means that any of die four nucle- sequencing gel pattern. The presence of such non-specific 
otides can occur at die **random" sequence locations. Widi amplification products in die reaction mixnire will also not 
a fixed 5. 6 or 7 nucleotide sequence within die second affect die DNA sequencing reaction, 
primer, a primer of length 12-18 can be prepared widi high Amplification of DNA will occur not only between die 
specificity of binding. 65 first primer and the partly fixed second primer that occurs 

Such a partially non-random primer (hereafter caUed the closest downstream from die first primer, but also between 
partly fixed primer, or partly non-random primer, meaning the first primer and one or two subsequentiy occurring 
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second primers, depending upon the distance at which they fragments of ^prox. one million nucleotides in "YAC" 

occur. However, these amplification products will aU start (Yeast Artificial Chromosome) clones, each YAC done is 

fi-om the first primer and wiU moceed up to these second again fragmented and sub-cloned into overlapping frag- 

primers. Since the DNA sequencing products are visualized ments of -25.000 nucleoUdes m "cosmid clones, and each 

by labeling the first prima, and since the DNA synthesis 5 IT '"^.^T, J!°'° 

during the sequencing reaction proceeds from the first of "1000 nucleotidesm M13 phage orjplasmd c ones 

. ^ ^ 6 if , These are sequenced randomly to assemble the larger 

primer the presence of two or tiiree amphficaUon products ^"""^"^ • ^ i.- u. tuJ ^.V/^.Tn 

K ^ ^ * • 11 riKTA sequences in the hierarchy. The present mvention circum- 
that start from the first pnmer will not affect the DNA f *^ w 
Squcncing products and Sdr visuaHzation on gels. At the vents the need for breakmg down and sul^donmg steps. 
3!rfnLity of the bands that are subsets of different lO making it greatty advantageous for conUguously sequencmg 
amplification products will vary sUghtly on the gel, but not long genonuc uina. • • 
a^t the gel pattern. In fact, it is expected that this phe- E>^tendmg the above invention, another mvenUon is pre- 
nomenonwiUenablethesequencingof alongerDNAstrand sented here, ms extended invenUon would enable tiie 
where the closest downstream prima is too close to the first sequencmg of -500 nucleotide long sequence somewhere 
primer-thereby avoiding the need for sequencing from the 15 within a given long DNA with no pnori^^^ 
toTprimer agJn using another partly fixLi second primer. sequence at aU withm the long DNA The probabibty that 
^ . . . ^ . r w ui ^-fi^ any specific primer of length 10 nucleoudes would occur 
The mimmum length of pnmer for highly specific amph- ^^^^^j^^,^ ^ j^^A of about one miUion nucleotides is 
fication between primers on a template DNA is usuaQy ^ ^^^.j ^ ^h^ probability that any primer of length 
considered to be about IS^nucleoUdes. However, m the i^^^^^ieotide^ occur somewhere in a genome of about one 
present invention, this length can be reduced by mcreasmg ^^^^ nucleotides is approximately 1. TTius, use of any 
the G/C content of the fixed sequence to 12-14 nucleoUdes. ^^^^^ ^^^^ nucleotide sequence on a genomic 
In essence, the basic procedure of the present invention is j^^p^ ^ present invention as the first primer, and the use 
ftiUy viable and feasible, and any non-specifidty can be of the second pardy fixed primer wUl enable the sequencing 
avoided by fine-tuning die reaction conditions such as j^^^ sequence bracketed by die two primers some- 
adjusting the annealing temperature and reaction tempera- ^j^^^^ ^ genome. Thus, this procedure can be used to 
ture during amplification, and/or adjusting the length and obtain an exact sequence of about 500 characters somewhere 
G/C content of the primers, which are routinely done in the ^^^^ ^ genome without the prior knowledge of any of its 
standard PGR amplification protocol. sequence at all. Thus, by using many different primers with 
The primary advantage of the present invention is to ^ arbitrary but exact sequences, one can obtain many -500- 
provide an extremely specific second primer that would bind nucleotide sequences at random locations within a genome, 
precisely to a sequence at an appropriate distance from the Using these sequences as the starting points for contiguous 
first primer resulting in the ability to sequence a DNA genome sequencing in the present invention, the whole 
without the prior knowledge of the second primer. From the genomic sequence can be closed and completed. Thus an 
newly worked out DNA sequence, a primer sequence can be advantage of the present invention is that without any prior 
made complementary to a sequence located close to the knowledge of any sequence in a genome, the whole 
downstream end. This can be used as the first primer in the sequence of a genome can be obtained, 
next DNA amplification-sequencing reaction, and the ^jjust be noted that every 15-nucleotide arbitrary primer 
unknown sequence downstream from it can be obtained by ^lay not always have a complementary sequence in a 
again using the same partly fixed primer that was used in the ^ genome (of -one billion nucleotides long). However, most 
first round of sequencing as the second primer. Thus, know- ^f^j^ would be present and would be useful in performing 
ing only one short sequence in a contiguously long DNA above-mentioned sequencing. In some cases,* there may 
molecule, the entire sequence can be worked out using the ^^^^ ^^^^ ^^e occurrence of the primer sequence in the 
present invention. ' genome, and so may not be usefid in obtaining die sequence. 

When the length of the fixed sequence in the pardy fixed 45 However, die frequency of successful single-hits can be 
second primer is increased in the present invention, die extremely high (-90%) and can be further refined by using 
distance from the first primer at which die second primer an appropriate lengdi of the arbitrary primer. For genomes 
will bind on the template will also be correspondingly (or long DNAs) that are shorter dian a billion nucleotides, 
increased. For a 6 nucleotide fixed sequence, die median shorter exact sequence* in die first primers (say 10 
length of DNA amplified will be -2800 nucleotides (mean 50 characters) could be used, and the rest could be random or 
4096 nucleotides), and for a 7 nucleotide fixed sequence, the "degenerate** nucleotides. While this primer will still bind at 
median length of amplified DNA will be -11,000 nucie- the sequence conq)lementary to the exact sequence, die 
otides (mean=-'16,000 nucleotides). However, even if the longer primer will aid in avoiding non-specific DNA ampli- 
length of amplified DNA is several diousand nucleotides, fication. The lengdi of the first primer can dius be increased 
still this DNA can be used in DNA sequencing procedures. 55 using degenerate nucleotides at the ends to a desired extent. 
Furthermore, the present invention can be used to amplify a widiout affecting any specificity. Once a sequence is known 
DNA of length which is limited only by die inherent ability in an unknown genomic DNA, then the present method can 
of PGR amplification. A technique known as "long PGR** is be performed to extend a contiguous sequence in both 
used to amplify long DNA sequences (Kainz et at., "In vitro directions of the DNA-from diis starting point. 
anq)lification of DNA Fragments >10 kb," Anal Biochem,. go The present invention can also be useful to amplify the 
202:46 (1992); Ponce & Micol, "PGR amplification of long dna between die first primer and the pardy fixed second 
DNA fragments** Nucleic Acids Research, 20:623 (1992)). primer, widi an aim to using this amplified DNA for pur- 
Existing genome sequencing mediods employ die break- poses other than DNA sequencing, such as cloning, 
ing down of a very long genomic DNA into many small Aldiough there would be sufficient quantity of die target 
fragments, sub-cloning diem, sequencing them, and then 65 specific amplified DNA in die reaction products, the reaction 
assembUng die sequence of die long DNA. lypicaUy, a products will, however, contain die population of non- 
genomic DNA is broken down and cloned into overiapping specific DNA amplified between the non-specifically occur- 
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ring second primer binding sites on opposite strands. This is because, statistically, any of these sequences would 

However, by introducing a purification step from this reac- occur at an appropriate average distance from the first 

tion mixture, such as using an immobiHzed column contain- primer. This is one of the primary advantages offered by the 

ine only the first primer, the amplified taiget DNA can be new invention. The advantage of this method stems from the 

purified and used for any other purposes. 5 chance occiuren^s of fixed sequences of parUcular length 

^ .f I- r appropnateforDNAsequenangbythePCRtechmque.The 

UnLITY OF THE INVENTION statistical distribution of sequences of particular lengths has 

been worked out by Senapathy. Senapathy has also shown 

The present invention enables the amplification of a DNA jj^^j natural DNA is essentially random in DNA sequence (P. 

adjacent to a known sequence using the PGR, without the Senapathy, ^HDrigin of Eukaryotic Introns: A hypothesis, 

knowledge of the sequence for a second primer. i° t^^gg^ codon distribution statistics in genes, and its 

The present primary invention provides a new method for iir^lications,** Proceedings of the National Academy of 

sequencing a contiguously veiy long DNA sequence using Sciences. USA. 83:2133-2137 (1986)). The fixed sequence 

the PGR technique, thereby enabling contiguous genomic in the partly fixed second primer can be present at either 

sequencing. It will avoid the need for mapping or sub- ends of the primer or anywhere within the primer. Also, the 

cloning of shorter DNA fragments from haploid genomes fixed sequence within the second primer can be of any 

such as the bacterial genomes. This method can be used on length, 4, 5, 6, or longer oligonucleotides. Furthermore, the 

very large DNA inserts into vectors such as the YAC. Thus. fixed sequence can be split into 2 or 3 shorter fixed 

diploid genomes can be sequenced without any further need sequences at various positions within the second primer, still 

to sub-clone from the YAC clones. The cloned inserts can be giving the same statistical result and binding property, 

of any length, of several million nucleotides. Alternatively, piQ^ 2 shows that the mean-length between the first 

wherever purified chromosomes are available, this method primer and the partly fixed second primer is appropriate for 

can be directly applied to sequence the whole chromosome D^A sequencing using the PCR technique. For instance, the 

without any need to fragment the chromosome or obtain median length at which the sequence complementary to the 

YAC clones from the chromosome. This method can also be second primer will be found is 730 nucleotides, which is 

used on whole unpurified genomes with appropriate modi- j^eal for DNA sequencing. This means, although the second 

fications to account for the allelic variations of the two primer will occur anywhere from zero distance up to about 

alleles present on the two chromosomes. In essence, using 50OO nucleotides, 50% of the time it will occur at around 730 

the method of the present invention, one can generate nucleotides. Thus, by using two different fixed five nucle- 

contiguous genomic sequence information in a manner not otide sequences in two different second primers, the chance 

possible with any other known protocol using PCR. that the DNA sequence of appropriate length can be 

The present invention can find ^plications in many sequenced is achieved with a probability of 99.9%. In the 

fields, for instance, medical, diagnostic, forensic, genetics. actual protocol the length of a DNA sequence obtained in 

biotechnology, and genome research. It should be noted that the new method would be known only when the results of a 

this technique would be applicable in many other fields and 3^ sequencing experiment is obtained. At this stage, if sufficient 

instances, and such applications would be discernible by length of sequence is not obtained, then another second 

people of ordinary skills in the respective fields. primer with a different fixed sequence could be used. With 

The extended invention that enables the sequencing of an only a few different fixed five or six nucleotide sequences in 

unknown region of very long DNA (e.g. genomic DNA) of the second primers, contiguous genonuc sequencmg can be 

totaUy unknown sequence would also find many appHca- 40 systematicaUy carried out. This means one needs to prepare 

tions in biology and medicine. For instance, it can be used only a few, say ten different second primers for sequencmg 

to physically "map" a chromosome or genome. It would, for the whole genome, whidi can be done at relauvely very low 

example, enable the production of an inventory of many expense and in bulk at one time at the start of sequencmg a 

-500 nucleotide long sequences and the exact primer asso- genome. 

dated with each of them. This method would also enable the 45 FIG- 3 shows how tiie partly fixed primer is used as the 

cloning of the amplified DNA sequences from arbitrary unknown second primer in contiguous genome sequencing, 

regions from a genomic DNA without the need for breaking In a long tempistc DNA. a sequence at the starting position 

down the DNA. Using appropriately longer partly fixed should be known from which a first primer could be made, 

primers (as the second primers), very long DNA pieces From this point, a stretch of the DNA sequence can be 

(several kUobases long) could be amplified and cloned by 50 obtained using the new method. An appropriate sequence is 

using this method. selected from the downstream end of this sequence for 

making a primer that will be used as the first known primer 

BRIEF DESCRIPTION OF THE DRAWINGS for extending the sequencing. Using this primer and the 

FIGS. l(A-C) shows that the parUy fixed second primer same partly fixed primer as the unknown second primer, the 

can bind only to the sequence locations in the template" 55 sequence is extended fiirther. This procedure is contmuously 

DNA (the DNA to be sequenced) containing the comple- repeated untQ the end of the sequence is reached, 

mentary sequence to the specific fixed sequence. The fixed FIG. 4 is a schematic indicating that the present invention 

sequence in the second primer is long enough and the rest of enables the sequencing of a very long DNA in both direc- 

the random sequence is short enough that the random tions from a startingHcnown sequence location. From a 

binding of this primer to any other sequence location in the 60 known short sequence of only about a hundred nucleotides, 

teir^)late DNA is automaticaHy precluded. This ensures that two primers can be prepared such that they bind to opposite 

the second primer will bind extremely specificaUy to the strands of the DNA. Using each of these known primers and 

sequence complementary to the fixed four or five nucleotide the same second, partly fixed primer, sequencing can be 

sequence used in the second primer, under the reaction extended in opposite directions on the DNA from the 

conditions generally used in the PCR protocols. It should be 65 starting location. 

noted that any sequence of five nucleotide length could be FIGS. 5(A-B) describes the method to obtain the 

used in the fixed primer and the rest being random sequence. sequence of about 500 nucleotides from a genome or a very 
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long DNA, from which absolutely no sequence infonnation sequence. Additional obvious modifications include using 

is available. Depending on the length of the very long DNA different DNA polymerases and altering the reaction condi- 

(or the genome), a primer with an arbitrary but exact tions of DNA amplification and DNA sequencing, 

sequence is designed such that it would have approximately Furthermore, the basic technique can be used for sequencing 

one binding site in the long DNA. This primer binding site 5 RNA using appropriate enzymes. 

will also have a site close to it (at an average distance of Instead ofpreparing the first primer completely, it can also 

about 800 nucleotides) that will bind with the second, partly be prepared as follows. Two or three shorter oligonucle- 

fixed (5 nucleotide) sequence primer. With the first primer otides that would comprise the complete primer could be 

radiolabeled or fluorescent labeled, tiie DNA sequence iigated,by joining end-to-end after annealing to the template 

between the two primers can be obtained by performing lO DNA, as described under another patent (Helmut Blocker, 

PGR amplification and DNA sequencing. It should be noted U.S. Pat. No. 5,114,839, 435/6, 5/1992) or as described in 

that this is possible only because the unknown second, partly the publication (L. E. Kotler. et al.. Proceedings of the 

fixed primer will almost certainly occur within a distance National Academy of Science, USA. 90:4241-4245 (1993)). 

ideal for PGR amplification and DNA sequencing from the Alternatively, it can be synthesized using the single-stranded 

first primer— no matter where in the long DNA the first 15 DNA binding protein, the subject of another invention (J. 

primer occurs. Kieleczawa, et al.. Science. 258:1787-1791 (1992)). One of 

such procedures, or an improved version thereof, can be 

DETAILED DESCRIPTION OF THE used to make the first primer in the present invention. All in 

INVENTION all, the first primer need not be synthesized at every PGR 

^ t_ J • *u u- ««^-.^„««to«^o^ff*,^ 20 reaction while contiguously sequencing a long DNA, and 

Theaboveandvanousotherobjectsandadvantagesofthe ^ consttucted from an oUgonucleotide bank, 

present invenUon are achieved by a method compnsmg: ^^^^ ^^^^^^ invenUon, the second primer also can 

a) synthesizing a parUy fixed primer, with 4. 5, 6 chosen from a set of only a few pre-prepared primers, 
nucleotide, or longer sequence characters fixed within enables the direct automation of sequencing the whole 
it. The fixed sequence can be any sequence, with some ^5 jong DNA by incorporating the pimer elements into the 
preferred sequences sudi as those containing many ^^^^^^ sequential PGR reactions. 

G-G pairs that increases binding affinity. The fixed ^ advantage of the present invention is that from a 

position within the primer can be anywhere, with some known sequence in a very long DNA, sequencing can be 

preferred positions; performed in both directions on the DNA. Two first primers 

b) taking a very long genoniic DNA, either uncloned or a 30 can be prepared, one on each strand, running in the opposite 
cloned large insert such as the YAG or cosmid in which directions, and the sequence can be extended on both 
a short sequence of about 20 characters somewhere directions until die two very ends of the long DNA are 
within the DNA is known; reached by the present invention, using a sniall set of 

c) synthesizing a primer from the sequence known from pre-prepared partiy fixed second primers. 

the DNA in step b; 35 One of the major advantages of the present invention is 

d) radiolabeling the primer in step c; that it is highly amenable to various kinds of automation. 

• . « ^ cf^« Instead of radiolabeling the first known pnmer. It can be 

e) annealing the pnmers (from step a, and step d or step j.^eled, and with this the DNA sequencing can 
g as appropnate) to die DNAm step b, and amphfying erformed in an automated procedure on machines such 
the DNA between the attached pnmers; ^ ^^^^ ^^^^^^ ^pp^^ Biosystems ("373 DNA 

f) performing DNA sequencing of the amplified DNA by Sequencer: Automated sequencing, sizing, and 
the chemical degradation method of Maxam and quantitation", a pamphlet from the AppUed Biosystenas, A 
Gilbert, or carrying out DNA sequencing by the Sanger Division of Perkin-Ehner Gorporation (1994)). In tiie 
method, or by modified PGR-sequendng metiiod; present invention there is no need to newly syntiiesize any 

g) after obtaining the DNA sequence from step f, selecting 45 primers to sequence a very long DNA. Thus, with the 
an appropriate first primer towards the 3' end of the pre-prepared set of partiy fixed second primers, an oligo- 
sequence, synthesizing it, and radiolabeling it; nucleotide bank for the synthesis of the first primer, and a 

h) repeating the steps e through g with the two primers large supply of the template genomic DNA (or any long 
(the same partiy fixed unknown primer as the second DNA), the sequencing of the whole long DNA can be 
primer and the newly synthesized primer from step g as 50 automated using robots almost without any human 
the first primer); intervention, except for changing the sequencing gels. 

i) if the sequence obtained in step f is too short to be of The following processes can be computer controlled: 1) 
value, using another partly fixed primer with a different the selection of the appropriate sequence for constructing the 
fixed sequence and the same first primer to obtain a first primer close to the 3' end of the newly worked out 
longer DNA sequence. 55 sequence, 2) determining whether die sequence obtained is 

Unless defined otiienvise, all technical and scientific too short and selection of a different partly fixed second 

terms used herein have the same meaning as conmionly primer, 3) assembling the contiguous DNA sequences from 

understood by one of ordinary skill in the art to which tiiis the various lanes and various gels and ^pending to a 

invention belongs. All publications mentioned hereunder are database, and other such processes. Thus the present inven- 

incorporated herein by reference. Unless mentioned 60 tion enables the construction of a fully automated contigu- 

otherwise, the techniques employed herein are standard ous DNA sequencing system. Any such automations are 

methodologies well known to one of ordinary skill in the art. obvious modifications to the present invention. 

The partly fixed primer used to perform DNA amplifica- The present invention is not limited to only unknown 

tion and sequencing are, of course, not limited to those genomic DNA, and can be used to sequence any DNA under 

described under the examples. Further modification in die 65 any situations. DNAs or RNAs of many different origins 

method may be made by varying die lengdi, content and (e.g. viral, cDNA. mRNA) can be sequenced not only 

position of the fixed sequence and die length of the random limited to research or information gathering purposes, but 
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also to other purposes such as disease diagnosis and 
treatment, DNA testing, and forensic applications. 

It is understood that the examples and embodiments 
described herein are for illustrative purposes only and that 
various modifications or changes in light thereof will be 5 
suggested to persons skilled in the art and are to be included 
within the spirit and purview of this q)plication and scope of 
the appended claims. 

It should be noted that any kit or process used for 
research, diagnostic, forensic, treatment, production or other lO 
purposes that uses the present invention is covered under 
these claims. Furthermore, the various sequences of the 
partly fixed second primers that can be used in the present 
invention are covered under this patent Thus, any kit or 
process that uses this method and/or the DNA strands with 15 
the sequences that would con^)rise the partly fixed second 
primers will also be covered under this. 

In addition to contiguous DNA sequencing, the present 
invention will cover the amplification of the DNA strands 
that are bounded between the known primer and the partly 20 
fixed second primer (either from claim 1 or from claim 2). 
The DNA amplification can also be poformed for long DNA 
strands using the long PGR amplification protocols. 

What is claimed is: 

1. A method for anq)lifying by the polymerase diain 25 
reaction (PGR) a portion of a target nucleic acid sequence 
comprising the following steps: 
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a. providing a first primer wherein the first primer consists 
of a sequence fully complementary to a first primer 
binding site on said target nucleic acid sequence; 

b. providing a second primer wherein said second primer 
consists of about 12-16 nucleotides of which 1-10 
nucleotides anywhere within it are of fixed sequence, 
while the remaining nucleotides of the second primer 
are of random sequence, wherein the second primer is 
fully complementary to a second primer binding site; 
and 

c. performing PGR amplification using the primers of (a) 
and (b) and said target nucleic acid to effect the 
amplification of a portion of said target nucleic acid, 
wherein said amplification is under conditions of suf- 
ficient stringency so that specific amplification occurs. 

2. The method of claim 1 further comprising sequencing 
the amplification product of step (c) thereby determining the 
sequence of a portion of said target nucleic acid sequence. 

3. The method of claim 1 wherein the target nucleic acid 
is DNA. 

4. The method of claim 1 wherein the target nucleic add 
isRNA, 

5. The method of claim 2 wherein the target nucleic acid 
is DNA. 

6. The method of claim 2 wherein the target nucleic acid 
isRNA. 

***** 
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LEXSEE 108 F.Sd 1361 

GENENTECH, INC., Plaintiff-Appellee, v. NOVO NORDISK A/S, 
NOVO NORDISK OF NORTH AMERICA, INC., and NOVO NORDISK 
PHARMACEUTICALS, INC. , Defendants-Appellants. 

96-1440 
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(BNA) 1001 
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JUDGES : 

•\ Before ARCHER, Chief Judge, LOURIE, and BRYSON, Circuit Judges. 

OPINIONBY: 
LOURIE 

OPINION: 

[*1362] LOURIE, Circuit Judge. 
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108 F.3d 1361, *1362; 1997 U.S. App. LEXIS 4808, **1; 
42 U.S.P.Q.2D (BNA) 1001 

Novo Nordisk A/S, Novo Nordisk of North America, Inc., and Novo Nordisk 
Pharmaceuticals, Inc. (collectively "Novo") appeal from the order [**2] of the 
United States District Court for the Southern District of New York, issuing a 
preliminary injunction in favor of Genentech, Inc., enjoining Novo from 
importing, marketing, using, selling, offering for sale or distributing its 
Norditropin (R) -brand recombinant human growth hormone (hGH) [*1363] product. 
Genentech, Inc. v. Novo Nordisk A/S, 935 F. Supp. 260 (S.D.N.Y. 1996). Because 
the district court's conclusion that Genentech had demonstrated a likelihood of 
success on the merits was based on an error of law and because its remaining 
findings were premised on this error, we vacate the injunction. 

BACKGROUND 

This consolidated patent infringement action was first brought in the United 
States District Court for the Southern District of New York on November 30, 
1994. On May 12, 1995, Genentech moved for a preliminary injunction under U.S. 
Patent 4,601,980 to prevent Novo from importing, marketing, using, selling, 
offering for sale or distributing in the United States its Norditropin (R) 
-brand recombinant hGH product. The district court granted Genentech 's motion 
and issued an injunction. Novo Nordisk of North Am., Inc. v. Genentech, Inc., 
1995 U.S. Dist. LEXIS 12588, No. 94 Civ. 8634 (CBM) , [**3] 1995 WL 512171 
(S.D.N.Y. Aug. 28, 1995) . 

On appeal this court vacated the injunction. Novo Nordisk of North Am., Inc. v. 
Genentech, Inc., 77 F.3d 1364, 37 U.S. P. Q. 2D (BNA) 1773 (Fed. Cir. 1996). We 
held that the district court clearly erred in finding that Genentech established 
a likelihood of proving infringement of the ' SSO patent because that finding was 
based on an improper construction of claim 2 of the patent. Based upon the 
specification and prosecution history, we concluded that because the claim used 
the phrase "human growth hormone unaccompanied by . . . other extraneous protein, " 
it was limited to processes for directly expressing either hGH or met-hGH, Id. 
at 1371, 37 U.S.P.Q.2D (BNA) at 1779. Because the parties agreed that Novo did 
not use direct expression to produce these proteins, we concluded that Novo did 
not infringe the patent. Id. 

Upon returning to the district court, Genentech asserted its newly issued U.S. 
Patent 5,424,199. The '199 patent has the same specification as the '980 patent 
and contains a single claim directed to: 

[a] method of producing a protein consisting essentially of amino acids 1-191 of 
human growth hormone [**4] comprising: 

(a) expressing in a transformant bacterium, DNA coding for a hiiman growth 
hormone conjugate protein, which conjugate protein consists essentially of amino 
acids 1-191 of human growth hormone as set forth in combined Figs. 1 and 3 
unaccompanied by the leader sequence of human growth hormone or other 
extraneous protein bound thereto and an additional amino acid sequence which is 
specifically cleavable by enzymatic action, and 
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(b) cleaving extracellularly said conjugate protein by enzymatic action to 
produce said protein consisting essentially of amino acids 1-191 of human growth 
hormone . 

This claim differs from the claim adjudicated in the prior case in reciting that 
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42 U.S.P.Q.2D (BNA) 1001 

the encoded protein has an additional amino acid sequence and includes the step 
of cleaving this conjugate protein. This process of expressing a DNA encoding a 
conjugate protein and using an enzyme to cleave off an undesired portion of 
that protein is generally known as cleavable fusion expression. The parties 
agree that Novo uses cleavable fusion expression to produce hGH. Id. 

On June 21, 1996, after conducting a twelve-day evidentiary hearing, the 
district court again issued a preliminary [**5] injunction, this time based 
upon the '199 patent, enjoining Novo from importing, marketing, using, selling, 
offering for sale, or distributing in the United States its Norditropin (R) 
-brand recombinant hGH product. Genentech v. Novo Nordisk A/S, 935 F. Supp. 260 

(S.D.N.Y. 1996) . The district court based its decision upon, inter alia, a 
finding that Genentech would likely overcome Novo » s defense that the '199 patent 
was invalid for lack of an enabling disclosure under 35 U.S. C. @ 112, P 1 

(1994) . 

Novo appeals to this court, challenging the grant of the preliminary injunction, 
nl We [*1364] have jurisdiction pursuant to 28 U.S.C. 0 1292(c) (,1994). 



nl On July 3, Novo moved for an emergency stay of the injunction pending 
disposition of this appeal. On August 1, we denied Novo * s motion and reinstated 
the injunction. However, after having heard oral argument in this case, we 
reconsidered the motion and reinstated the stay of the injunction. 

DISCUSSION 

The grant or denial of a preliminary injunction pursuant [**6] to 35 U.S.C. 
0 283 is within the discretion of a district court. We Care, Inc. v. Ultra-Mark 
Int»l Corp., 930 F.2d 1567, 1570, 18 U.S.P.Q.2D (BNA) 1562, 1564 (Fed. Cir. 
1991). Accordingly, a trial court » s decision granting a preliminary injunction 
will be overturned on appeal only upon a showing that the court abused its 
discretion. Joy Techs., Inc. v. Flakt, Inc., 6 F.3d 770, 772, 28 U.S. P. Q. 2D 
(BNA) 1378, 1380 (Fed. Cir. 1993) . Such an abuse of discretion may be 
established by showing that the court made a clear error of judgment in weighing 
relevant factors or exercised its discretion based upon an error of law or 
clearly erroneous factual findings. Id. 

As the moving party, Genentech had to establish its right to a preliminary 
injunction in light of four factors; (1) a reasonable likelihood of success on 
the merits; (2) irreparable harm if the injunction were not granted; (3) the 
balance of the hardships; and (4) the impact of the injunction on the public 
interest. Nutrition 21 v. United States, 930 F.2d 867, 869, 18 U.S.P.Q.2D (BNA) 
1347, 1348-49 (Fed. Cir. 1991); Hybritech Inc. v. Abbott Lab., 849 F.2d 1446, 
1451, 7 U.S.P.Q.2D (BNA) 1191, 1195 (Fed. Cir. 1988). 

A. Likelihood of Success [**7] on the Merits 

In order to demonstrate that it has a likelihood of success, Genentech must 
show that, in light of the presumptions and burdens that will inhere at trial on 
the merits, (1) it will likely prove that Novo infringes the '199 patent and (2) 
its infringement claim will likely withstand Novo's challenges to the validity 
and enforceability of the '199 patent. See New England Braiding Co. v. A.W. 
Chesterton Co., 970 F.2d 878, 882-83, 23 U.S. P. Q. 2D (BNA) 1622, 1625-26 (Fed. 
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f Cir. 1992). n2 In other words, if Novo raises a "substantial question" 

■ concerning validity, enforceability, or infringement (i.e., asserts a defense 

that Genentech cannot show "lacks substantial merit") the preliminary injunction 
should not issue. Id. More specifically, with regard to Novo * s validity 
defenses, the question on appeal is whether there is substantial merit to Novo * s 
assertion that the '199 patent claim fails to meet the requirements of 35 U.S.C, 
@ 112, P 1 (1994) . 



n2 A patent is presumed valid, 35 U.S.C, @ 282 (1994), and a party 
challenging validity must prove invalidity by clear and convincing evidence. 
"However, the presumption does not relieve a patentee who moves for preliminary 
injunction from carrying the normal burden of demonstrating that it will likely 
succeed on all disputed liability issues at trial, even when the issue concerns 
the patent's validity." New England Braiding, 970 F.2d at 882, 23 U.S. P. Q. 2D 
(BNA) at 1625 (citing Nutrition 21, 930 F.2d at 869, 18 U.S. P. Q. 2D (BNA) at 
1349) . 

[**8] 

Novo argues that the district court's findings regarding validity under @ 
112, P 1, are clearly erroneous because it presented clear and convincing 
evidence that the patent specification would not have enabled a person of 
ordinary skill in the art to practice the claimed invention without undue 
experimentation. Novo also argues that the specification fails to contain a 
written description of the claimed invention. Regarding enablement, Novo argues 
that the patent is invalid because it does not contain sufficient detail 
concerning the practice of the claimed method. Novo argues that the mere generic 
statement of the possibility of cleavable fusion expression, along with the DNA 
sequence encoding hGH, a single enzyme (trypsin) for cleaving undisclosed 
conjugate proteins, and a statement of that enzyme's cleavage sites as being 
potential amino acid extensions conjugated to hGH is not an enabling disclosure 
commensurate in scope with the claim. Genentech responds that all of the 
district court's factual findings regarding enablement are supported by the 
record. More specifically, Genentech argues that those skilled in the art of 
recombinant protein expression and purification at the [**9] time of filing, 
July 5, 1979, would have been able to use cleavable fusion expression to produce 
hGH without undue experimentation by using the teachings of the specification 
along with methods and tools well known in the art. We conclude that Novo has 
raised more [*1365] than a substantial question concerning the validity of the 
'199 patent. In fact, it has shown that the patent is invalid. 

Section (5 112, P 1, provides, in relevant part that: 

the specification shall contain a written description of the invention, and the 
manner and process of making and using it, in such full, clear, concise, and 
exact terms as to enable any person skilled in the art to which it pertains, or 
with which it is most nearly connected, to make and use the same .... 

"To be enabling, the specification of a patent must teach those skilled in the 
art how to make and use the full scope of the claimed invention without 'undue 
experimentation.'" In re Wright, 999 F.2d 1557, 1561, 27 U.S.P.Q.2D (BNA) 1510, 
1513 (Fed. Cir. 1993); see also Amgen Inc. v. Chugai Pharms. Co., 927 F.2d 1200, 
1212, 18 U.S. P. Q. 2D (BNA) 1016, 1026 (Fed, Cir. 1991); In re Fisher, 57 C.C.P.A. 
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1099, 427 F.2d 833, 839, 166 U.S.P.Q. (BNA) 18, 24 (CCPA 1970) ("The scope 
[**10] of the claims must bear a reasonable correlation to the scope of 
enablement provided by the specification to persons of ordinary skill in the 
art."). Whether making and using the invention would have required undue 
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experimentation, and thus whether the disclosure is enabling, is a legal 
conclusion based upon several underlying factual inquiries. See In re Wands, 858 
F. 2d 731, 735, 736-37, 8 U.S.P.Q.2D (BNA) 1400, 1402, 1404 (Fed. Cir. 1988). 

The question before us is whether the specification would have enabled a 
person having ordinary skill in the art at the time of filing to use cleavable 
fusion expression to make hGH without undue experimentation. There is no dispute 
that the portion of the specification chiefly relied upon by Genentech and by 
the district court, colxomn 7, lines 29-59, does not describe in any detail 
whatsoever how to make hGH using cleavable fusion expression. For example, no 
reaction conditions for the steps needed to produce hGH are provided; no 
description of any specific cleavable conjugate protein appears. The relevant 
portion of the specification merely describes three (or perhaps four) 
applications for which cleavable fusion expression is generally well-suited 
[**11] and then names an enzyme that might be used as a cleavage agent ( 
trypsin), along with sites at which it cleaves ("arg-arg or lys-lys, etc."). n3 
Thus, the specification does not describe a specific material to be cleaved or 
any reaction conditions under which cleavable fusion expression would work. 



n3 At column 7, lines 52-58, the specification states: "At least in the 
latter three applications [of the four applications that are disclosed] , the 
synthetic adaptor molecular [sic] employed to complete the coding sequence of 
the mRNA transcript can additionally incorporate codons for amino acid sequences 
specifically cleavable, as by enzymatic action. For example, trypsin will cleave 
specifically at arg-arg or lys-lys, etc." 



Notwithstanding this limited disclosure, Genentech argues (and the district 
court found) that those of ordinary skill in the art would have been able to 
practice the claimed invention without undue experimentation. Essentially, 
Genentech *s argument is that the knowledge of one skilled in [**12] the art was 
sufficient to provide all of the missing information and, more specifically, 
that the disclosure of a DNA encoding hGH, when combined with prior art 
cleavable fusion expression techniques applied to non-human proteins, would 
enable the practice of the claimed method. In support of this argument, 
Genentech points to the testimony of Dr. Ravetch, who testified as to the 
knowledge of one skilled in the art, to the extensive description of enzymes in 
the reference textbook Methods in Enzymology, and to the specification's 
explicit reference to British Patent 2008123-A, which more fully details the 
potential use of trypsin in cleavable fusion expression. 

In response to these arguments, Novo asserts that at the time of filing, 
trypsin and other like enzymes were used only to digest proteins, not to 
specifically and precisely cleave conjugate proteins to yield intact, useful 
proteins, and that the British patent explicitly indicates that trypsin would 
not be useful for the cleavable fusion expression of arginine-containing 
proteins such as hGH. Novo further argues that neither the specification nor the 
references cited by Genentech suggest a single amino acid sequence, out [**13] 
of the virtually infinite range of possibilities, [*1366] that would yield hGH 
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in a useful form when cleaved from the conjugate protein. 

We agree with Novo. Genentech *s arguments, focused almost exclusively on the 
level of skill in the art, ignore the essence of the enablement requirement. 
Patent protection is granted in return for an enabling disclosure of an 
invention, not for vague intimations of general ideas that may or may not be 
workable. See Brenner v. Manson, 383 U.S. 519, 536, 148 U.S.P.Q. (BNA) 689, 696, 
16 L. Ed. 2d 69, 86 S. Ct . 1033 (1966) (stating, in context of the utility 
requirement, that "a patent is not a hunting license. It is not a reward for the 
search, but compensation for its successful conclusion.") Tossing out the mere 
germ of an idea does not constitute enabling disclosure. While every aspect of a 
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generic claim certainly need not have been carried out by an inventor, or 
exemplified in the specification, reasonable detail must be provided in order to 
enable members of the public to understand and carry out the invention. That 
requirement has not been met in this specification with respect to the cleavable 
fusion expression of hGH. 

It is true, as Genentech argues, that a specification need not disclose 
[**14] what is well known in the art. See, e.g., Hybritech Inc. v. Monoclonal 
Antibodies, Inc., 802 F.2d 1367, 1385, 231 U.S.P.Q. (BNA) 81, 94 (Fed. Cir. 
1986) . However, that general, oft-repeated statement is merely a rule of 
supplementation, not a substitute for a basic enabling disclosure. It means 
that the omission of minor details does not cause a specification to fail to 
meet the enablement requirement. However, when there is no disclosure of any 
specific starting material or of any of the conditions under which a process can 
be carried out, undue experimentation is required; there is a failure to meet 
the enablement requirement that cannot be rectified by asserting that all the 
disclosure related to the process is within the skill of the art. It is the 
specification, not the knowledge of one skilled in the art, that must supply the 
novel aspects of an invention in order to constitute adequate enablement. This 
specification provides only a starting point, a direction for further research. 

The specification indicates that it purports to solve a problem. That problem 
is summarized at column 3, line 65, through column 4, line 8: 

[A] need has existed for new methods of producing [**15] hGH and other 
polypeptide products in quantity and that need has been particularly acute in 
the case of polypeptides too large to admit to organic synthesis or, for that 
matter, microbial expression from entirely synthetic genes. Expression of 
mammalian hormones from mRNA transcripts . . . has permitted only microbial 
production of bio-inactive conjugates from which the desired hormone could not 
practically be cleaved. 

The problem thus was the difficulty of obtaining hGH from a precursor containing 
added protein material. This problem was solved by the description of a method 
of obtaining hGH unaccompanied by a leader sequence or other extraneous 
proteins, as claimed in the '980 patent. However, the specification for the *199 
patent, which is the same as the specification for the '980 patent, does not 
provide a specific enabling disclosure concerning what the new claim recites, 
viz., obtaining hGH by cleaving an hGH-containing conjugate protein. That was 
the problem avoided by the invention claimed in the *980 patent. The present 
specification contains no more disclosure than the *980 specification, but this 
patent now purports to claim the unresolved problem that the *980 [**16] patent 
overcame. Genentech is attempting to bootstrap a vague statement of a problem 
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into an enabling disclosure sufficient to dominate someone else's solution of 
the problem. This it cannot do. 

Genentech 's arguments in favor of enablement are unavailing. While 
Genentech *s witness. Dr. Ravetch, did state that it would have been possible for 
a skilled artisan to create a DNA sequence coding for arg-arg-hGH or 
lys-lys-hGH, he did not discuss the experimentation needed for the creation of 
DNA coding for more extensive sequences, such as those that have proved 
necessary to the production of hGH via cleavable fusion expression. Likewise, 
the description of a wide range of enzymes in Methods in Enzymology, by itself, 
does not render routine the [*1367] determination of an enzyme-conjugate 
protein combination. Rather, as Novo argues and the record reflects, various 
combinations of conjugate protein sequences, cleaving enzymes, and reaction 
conditions needed to be studied to establish a process for producing hGH in 
useful form. Finally, the British patent cited in the specification actually 
works against Genentech *s position by explicitly teaching that trypsin would not 
work well to produce [**17] hGH. The specification does not even acknowledge 
any of the known difficulties associated with using trypsin on an hGH conjugate 
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protein. This specification is so lacking with respect to the limitation of 
paragraph (b) of claim 1 that providing testimony regarding the skill in the art 
has been an exercise in futility. 

The limited testimony regarding the knowledge of one skilled in the art 
offered by Genentech at the preliminary injunction hearing, and relied upon by 
the district court, is further undermined by the fact that no one had been able 
to produce any human protein via cleavable fusion expression as of the 
application date. If, as Genentech argues, one skilled in the art, armed only 
with what the patent specification discloses (a DNA sequence encoding a human 
protein, in this case, hGH, and a single example of an enzyme and its cleavage 
site), could have used cleavable fusion expression to make a human protein 
without undue experimentation, it is remarkable that this method was not used to 
make any human protein for nearly a year, see Shine et al . , 285 Nature 456 (June 
1980), or to make hGH for five years. See Belagaje et al , , 3 DNA 120 (1984). 
Certainly, [**18] DNAs encoding desirable human proteins were known at the 
time of filing (e.g., insulin, described in the British patent), and a great 
many researchers were attempting to produce human proteins using recombinant DNA 
technology. This failure of skilled scientists, who were supplied with the 
teachings that Genentech asserts were sufficient and who were clearly motivated 
to produce human proteins, indicates that producing hGH via cleavable fusion 
expression was not then within the skill of the art. The contrary testimony 
offered by Genentech 's witnesses, who hypothesized about the skill of the art 
more than fifteen years earlier, does not demonstrate the incorrectness of 
Novo's arguments. See In re Buchner, 929 F.2d 660, 661, 18 U.S. P. Q. 2D (SNA) 
1331, 1332 (Fed. Cir. 1991) ("An expert's opinion on the ultimate legal issue 
[of enablement] must be supported by something more than a conclusory 
statement . " ) . 

Moreover, it stands to reason that if the disclosure of a useful conjugate 
protein and the method for its cleavage were so clearly within the skill of the 
art, it would have been expressly disclosed in the specification, and in the 
usual detail. Patent draftsmen are not loath to provide [**19] actual or 
constructive examples, with details, concerning how to make what they wish to 
claim. In addition, as indicated above, the specification of this patent was 
clearly drafted to claim the invention of obtaining hGH unaccompanied by 
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extraneous protein, the cleavage of which was identified by the specification as 
a problem in this field. Genentech 's inventors knew how to enable that which 
they had invented. These facts underline the inadequacy of the specification in 
enabling that which it provided only a means to avoid. 

The record does not support the district court's implicit finding that the 
disclosure of trypsin and its cleavage site enables the production of any 
conjugate protein from which hGH can practically be cleaved and thus produced in 
useful form; the record indicates that determination of these features required 
further undue experimentation. None of the expert testimony relied upon by 
Genentech or by the district court suggests otherwise. n4 Where, as here, the 
claimed invention is the application of an unpredictable technology in the early 
stages of development, an enabling [*1368] description in the specification 
must provide those skilled in the art with a specific [**20] and useful 
teaching. Genentech has not shown that the '199 patent provides that teaching. 



n4 Novo's witness. Dr. Villa-Komarof f , merely stated on cross-examination 
that, assiiming arg-arg-hGH was initially produced and successfully extracted 
from the transformed cell, that "under the best condition, approximately five 
percent of the time there will be in the [post-digestion] mix [hGH] . " This 
statement, characterized by Genentech as an admission, was made in the limited 
context of partial trypsin digests of isolated arg-arg-hGH, but none of the 
necessary experimentation is described in the specification, which is where it 
should be if it is to contribute to an enabling disclosure. 
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f 

Under the circumstances, we are compelled to conclude that the district court 
made an error of law in ruling that Genentech showed a likelihood of success on 
• enablement. See In re Epstein, 32 F.3d 1559, 1568, 31 U.S. P. Q. 2D (BNA) 1817, 
1823 (Fed. Cir. 1994) ("Enablement is a question of law ... which may involve 
subsidiary questions of [**21] fact."). Furthermore, since we are able to 
review the record and to read the specification, there is no reason why we 
should limit our decision here to reversing the grant of the preliminary 
injunction. Rather, because the parties agreed at oral argument that the 
enablement issue had been thoroughly ventilated by the extensive arguments 
before the district court and that court's extensive analysis, n5 we deem it 
appropriate to rule on the merits of Novo * s defense of invalidity. See 28 U.S.C. 
0 2106 (1994) ("The Supreme Court or any other court of appellate jurisdiction 
may . . . direct the entry of such appropriate judgment, decree, or order, or 
require such further proceedings to be had as may be just under the 
circumstances."); Chicago Observer, Inc. v. City of Chicago, 929 F.2d 325, 329 
(7th Cir. 1991) (reversing preliminary injunction and instructing district court 
to enter judgment in favor of defendant because the plaintiff "has not suggested 
that it holds more evidence it could offer at trial and we cannot imagine what 
additional evidence could aid its cause. Litigation is costly not only for the 
litigants but also for parties in other cases waiting in the queue for [**22] 
judicial attention. Once it becomes clear that additional proceedings are 
pointless, the court should bring the case to a close."). We therefore hold that 
claim 1 and hence the *199 patent are invalid as a matter of law for failure of 
the specification to enable the practice of the claimed method. 



n5 Genentech stated that it would introduce new evidence at a full trial only 
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in response to new arguments and new defenses raised by Novo. Novo revealed that 
it had no intention of raising any new arguments or defenses, stating that the 
"full and complete record" on appeal gave this court "the benefit of everything 
it really needs" to reach ultimate issues of validity. Thus, considerations that 
would normally dictate that we limit our decision to reversing the grant of the 
preliminary injunction are not present. See University of Texas v. Camenisch, 
451 U.S. 390, 395, 68 L. Ed. 2d 175, 101 S, Ct . 1830 (1981) (stating that it is 
generally inappropriate to render a final judgment on the merits at the 
preliminary injunction stage because "a preliminary injunction is customarily 
granted on the basis of procedures that are less formal and evidence that is 
less complete than in a trial on the merits.") (citations omitted) (emphasis 
added) . 

[**23] 

Novo has also argued that the '199 patent is invalid for lack of a written 
description of the claimed invention and that it is not infringed by Novo. 
Givenour decision on the enablement question, we need not reach these issues. 

B. Other Factors 

Novo also challenges the district court's findings that irreparable harm, the 
equities, and the public interest favored Genentech. In view of our conclusion 
concerning the invalidity of the '199 patent, we need not consider these other 
findings . 

CONCLUSION 

The court abused its discretion by granting the preliminary injunction based 
upon an error of law. The district court's error was in finding that Genentech 
had shown a likelihood of success on the merits since the '199 patent is invalid 
for failure of the specification to meet the enablement requirement of @ 112, 
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PI. Accordingly, we vacate the injunction and instruct the district court to 
dismiss Genentech's claim for infringement of the '199 patent on the ground that 
the patent is invalid. 

VACATED 
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